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Abstract
We apply the new formulation of heavy quark effective field theory (HQEFT)
to the inclusive decays of bottom hadrons. The long-term ambiguity of us-
ing heavy quark mass or heavy hadron mass for inclusive decays is clarified
within the framework of the new formulation of HQEFT. The 1/mb order
corrections are absent and contributions from 1/m2b terms are calculated in
detail. This enables us to reliably extract the important CKM matrix element
|Vcb| from the inclusive semileptonic decay rates. The resulting lifetime ratios
τ(B0s )/τ(B
0) and τ(Λb)/τ(B
0) are found to well agree with the experimental
data. We also calculate in detail the inclusive semileptonic branching ratios
and the ratios of the τ and β decay rates as well as the charm countings in the
B0, B0s and Λb systems. For B
0 decays, all the observables are found to be
consistent with the experimental data. More precise data for the B0 decays
and further experimental measurements for the B0s and Λb systems will be
very useful for testing the framework of new formulation of HQEFT at the
level of higher order corrections.
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I. INTRODUCTION
In our previous paper [1], we have provided a more detailed study on a new formulation of
HQEFT [2] and applied it to evaluate the weak transition matrix elements between the heavy
hadrons containing a single heavy quark. Consequently, the new formulation of HQEFT has
exhibited interesting features, such as: The Luke’s theorem comes out automatically without
imposing the equation of motion iv ·DQ+v = 0; the form factors at zero recoil are found to be
related to the meson masses, so that the most important relevant form factors at zero recoil
can be fitted from the ground state meson masses; the number of universal form factors up
to the order of 1/m2Q are less than the one in the usual HQET.
It is of interest to apply the new formulation of HQEFT [2] to the inclusive decays of
bottom hadrons. The inclusive decays of bottom hadrons have been investigated in the
recent years by several groups [3] − [10]. While it is well known that in the usual HQET
there are still some problems which are not yet well understood. These problems mainly
involve the following issues:
Firstly, the world average values for the lifetime ratios of bottom hadrons are [11]
τ(B−)
τ(B0)
= 1.07± 0.03, (1.1a)
τ(B0s )
τ(B0)
= 0.94± 0.04, (1.1b)
τ(Λb)
τ(B0)
= 0.79± 0.05. (1.1c)
While the usual HQET prediction leads to a uniform lifetime for all the bottom hadrons
when the nonspectator effects are neglected. The lifetime differences emerge from 1/m2Q
order which is found to be small. One may expect that the 1/m3Q terms become dominant
and provide about 20% contribution to the lifetime ratio τ(Λb)/τ(B
0) = 0.79 ± 0.05 (or at
least 10% corrections to their total decay rates). If it is the case, the heavy quark expansion
seems to fail in the inclusive b decays except there are some special reasons to explain why
the 1/m3Q terms become dorminant and the higher order terms O(1/m
4
Q) are smaller. The
nonspectator effects have recently been considered in ref. [12] and found to result in the
following predictions
τ(B−)
τ(B0)
= 1.11± 0.02, (1.2a)
τ(B0s )
τ(B0)
≈ 1, (1.2b)
τ(Λb)
τ(B0)
≈ 0.99− ( fB
185 MeV
)2(0.007 + 0.020B˜)r ≥ 0.98, (1.2c)
where B˜ and r characterize the nonfactorization effects. Such a confliction has received
wide attention. Authors in refs. [13,14] have also discussed the lifetime ratios and came
to a similar result. Though the prediction for τ(B−)/τ(B0) agrees with the current world
average, those of τ(B0s )/τ(B
0) and τ(Λb)/τ(B
0) deviate somewhat from the central values
of the world average. In the usual HQET, eq.(1.2b) is the final result because the only
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difference between B0 and B0s decays lies in the different CKM matrix elements related in
the nonspectator effects.
To understand the above problems, one of the attempts is to assume that the local
duality may be violated in the nonleptonic inclusive decays. It was suggested in ref. [15]
that a large 1/mQ order correction in nonleptonic inclusive decays may exist and be simply
described by replacing the heavy quark mass by the mass of the decaying hadron in the m5
factor, i.e.,
ΓNL → ΓNL(mHb/mb)5. (1.3)
This assumption was further discussed in refs. [12,16,17]. This simple ansatz could not
only resolve the lifetime ratio problem, but also provide the correct decay widths for the
Λb baryon and the B mesons. But the charm counting may become much larger than the
experimental data.
Secondly, it seems to have difficulties to simultaneously explain the semileptonic branch-
ing ratio BSL and the charm counting nc in B
0 decays. In general, when the charm counting
is required to be near the experimental data, the predicted semileptonic branching ratio in
the usual HQET is significantly larger than the experimental data. It has been shown in
ref. [18] that for mb/2 ≤ µ ≤ 2mb and mb = 4.8± 0.2GeV
BSL = (12.0± 0.7± 0.5± 0.2+0.9−1.2)%, (1.4a)
nc = 1.24∓ 0.05± 0.01, (1.4b)
B¯SL = (11.3± 0.6± 0.7± 0.2+0.9−1.7)%, (1.4c)
n¯c = 1.30∓ 0.03± 0.03± 0.01, (1.4d)
where the first result is for the OS scheme and the second one for MS scheme. After
considering the spectator effects, the results has been found to be improved [13]
BSL =
{
12.0± 1.0%; µ = mb,
10.9± 1.0%; µ = mb/2, (1.5a)
nc =
{
1.20∓ 0.06; µ = mb,
1.21∓ 0.06; µ = mb/2. (1.5b)
It is seen that the uncertainties in the two quantities are anti-correlated. One may compare
them with the world average [20]
Br(b→ ceν¯) = 10.48± 0.5%, (1.6a)
nc = 1.17± 0.04. (1.6b)
Thirdly, there is an inconsistent picture between the Luke’s theorem [19] for the exclusive
heavy hadron decays and the Chay-Georgi-Grinstein theorem [3] for the inclusive heavy
hadron decays. Luke’s theorem tells us that the 1/mQ order corrections are absent if one
uses the meson mass to normalize the weak matrix elements in the exclusive heavy to heavy
transitions at zero recoil. While according to the Chay-Georgi-Grinstein theorem, 1/mQ
order corrections are absent only when the quark mass is used. Consequently, the prediction
of total decay width strongly depends on the value of quark mass.
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These problems may arise from the simple treatment in the usual HQET, where the
bound state effects and hadronization have not been taken into account. This may be a
strong indication for a necessity of developing a new formulation of effective theory to incor-
porate these effects. For this purpose, we are going to devote in this paper the investigation
of the inclusive bottom hadron decays and to provide better understanding on the problems
mentioned above within the framework of the new formulation of HQEFT [2]. In section II,
we briefly describe the framework of the new formulation of HQEFT. In section III, we apply
it to the inclusive bottom hadron decays Hb → Xcℓν and present a general formulation for
b→ c transitions via the heavy quark expansion. In section IV, we investigate the inclusive
decays of B0 and B0s mesons as well as Λb baryon by providing detailed numerical results for
their semileptonic branching ratios and lifetime ratios as well as the charm countings nc. It
is interesting to see that the results obtained by using the new formulation of HQEFT are
consistent with the experimental data. In particular, the new formulation of HQEFT allows
us to simply clarify the well known ambiguity of using the quark mass or hadron mass in
the inclusive heavy hadron decays. As a consequence, the CKM matrix element |Vcb| is well
determined from the semileptonic decay rate. Conclusions and remarks are presented in the
last section.
II. NEW FORMULATION OF HQEFT
For completeness, we present in this section a brief description on the framework of the
new formulation of HQEFT [1,2]. Let us begin with the effective Lagrangian for a heavy
quark
Leff = Q¯(+)v iv ·DQ(+)v +
1
mQ
Q¯(+)v (i/D⊥)
2Q(+)v
− 1
2m2Q
Q¯(+)v i/D⊥iv ·Di/D⊥Q(+)v (2.1)
+
1
(2mQ)2
Q¯(+)v (i/D⊥)
2 1
iv ·D (i/D⊥)
2Q(+)v +O(1/m
3
Q) (2.2)
= L(0)eff + L(1/mQ)eff ,
where
←−
Dµ and /D
µ
⊥ are defined as
χ
←−
Dµ ≡ ∂µχ+ iχgAaµT a; /Dµ⊥ ≡ (gµν − vµvν)Dν
and L(0)eff = Q¯(+)v iv · DQ(+)v denotes the leading term and L(1/mQ)eff represents the terms
suppressed by the powers of 1/mQ . And the representation of left-handed current J
µ =
Q¯′ΓµQ is
Jµeff = e
i(mQ′v
′−mQv)·xQ¯
′(+)
v′ {Γµ +
1
2mQ′
(i
←−
/D⊥
′)2
1
−iv′ · ←−D Γ
µ
+
1
2mQ
Γµ
1
iv ·D (i/D⊥)
2}Q(+)v +O(1/m2Q), (2.3)
4
with Γµ = γµ 1−γ
5
2
and D′µ⊥ = (g
µν − v′µv′ν)Dν .
In order to exhibit a manifest spin-flavor symmetry in the HQEFT, it is useful to in-
troduce a hadron state |Hv > corresponding to the effective heavy quark field Q(+)v . The
hadron state |Hv > is related to the state |H > of heavy hadron H by the following equation
< H ′|Jµ|H >=
√
mH′mH
Λ¯H′Λ¯H
< H ′v′ |Jµeffei
∫
d4x(L
(1/mQ)
eff
+L
(1/mQ′ )
eff
)|Hv >, (2.4)
with mH being the mass of the heavy hadron H and Λ¯H = mH −mQ. The factor mH comes
from the standard normalization
< H(p′)|H(p) >= 2p0(2π)3δ3(p− p′). (2.5)
Where the factor
√
Λ¯H′Λ¯H is introduced to make the normalization concerning the hadron
state |Hv > to be independent of the heavy flavor, i.e.,
< Hv|Q¯(+)v γµQ(+)v |Hv > = 2Λ¯vµ, (2.6)
with
Λ¯ = lim
mQ→∞
Λ¯H .
Expanding the right-hand side of eq.(2.4), to the order of 1/mQ, we have
< H ′|Jµ|H > =
√
mHmH′
Λ¯HΛ¯H′
< H ′v′ |Q¯′(+)v′ {Γµ −
1
2mQ′
(i
←−
D′⊥)
2 1
−iv′ · ←−D Γ
µ
− 1
2mQ
Γµ
1
iv ·D (i/D⊥)
2 +O(
1
m2
Q(′)
)}Q(+)|Hv > . (2.7)
In general, a heavy quark in a hadron cannot truly be on-shell due to strong interactions
among heavy quark and light quark as well as soft gluons. The off-shellness of heavy quark
in the hadron is characterized by a residual momentum k. The total momentum PQ of the
heavy quark in a hadron may be written as: PQ = mQv+k. In the usual HQET one mainly
deals with the heavy quark and treats the light quark as a spectator, which does not affect
the properties of heavy hadrons to a large extent (except the effects of weak annihilation and
Pauli interference). However, since the light degrees of freedom affect the character of heavy
hadrons, it may be this simple treatment that meets difficulties in explaining the lifetime
differences between B0 and B0s as well as between Λb and B as mentioned in the introduction.
To take the effects of light degrees into account and not to deal with hadronization directly,
we will adopt an alternative picture, namely the residual momentum k of the heavy quark
within a hadron is considered to comprise the contributions of the light degrees of freedom.
With this picture the heavy quark may be regarded as a ‘dressed heavy quark’, thus the
heavy hadron containing a single heavy quark may be more reliable to be considered as a
dualized particle of a ‘dressed heavy quark’. Thus the momentum PH of a hadron H is
decomposed into
PH = mQv + k + k
′, (2.8)
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with k′ being the momentum depending on the heavy flavor and suppressed by 1/mQ. With
this picture, the momentum of the ‘dressed heavy quark’ inside the hadron is given by
PQ = lim
mQ→∞
PH . (2.9)
Hence
P 2H = m
2
H = m
2
Q + 2mQv · (k + k′) + k′2 + k2 + 2k · k′. (2.10)
Then
Λ¯H ≡ mH −mQ = v · (k + k
′)
1 + Λ¯/2mQ
+
(k + k′)2
2mQ(1 + Λ¯/2mQ)
, (2.11)
and
Λ¯ = lim
mQ→∞
Λ¯H = lim
mQ→∞
v · (k + k′) = v · k. (2.12)
In terms of the operator formulation, it implies that
< Hv|Q¯(+)v iv ·DQ(+)v |Hv >= Λ¯ < Hv|Q¯(+)v Q(+)v |Hv > . (2.13)
Thus to simplify the evaluation of the matrix elements, one may approximately replace the
propagator 1/iv ·D by 1/Λ¯
κ1 ≡ − < Hv|Q¯(+)v D2⊥Q(+)v |Hv > /(2Λ¯),
κ2 ≡ < Hv|Q¯(+)v gσµνGµνQ(+)v |Hv > /(4dHΛ¯). (2.14)
where dH = −3 for pseudo scalar mesons, dH = 1 for vector mesons and dH = 0 for ground
state heavy baryons.
With this approximation, the mass formulae can be simply given in terms of the effective
Lagrangian L(1/mQ)eff
mH = mQ + Λ¯− < Hv|Q¯
(+)
v (i/D⊥)
2Q(+)v |Hv >
2Λ¯ ·mQ +O(
1
m2Q
)
≈ mQ + Λ¯− < Hv|L(1/mQ)eff |Hv > /(2Λ¯), (2.15)
which can be reexpressed as follows by using eq.(2.14)
mH ≈ mQ + Λ¯− κ1
mQ
+
dHκ2
mQ
+O(
1
m2Q
). (2.16)
It is useful to define the mass of ‘dressed heavy quark’ as
mˆQ ≡ lim
mQ→∞
mH = mQ + Λ¯, (2.17)
which can be expressed in terms of the hadron mass
mˆQ = mH +
κ1 − dHκ2
mQ
+O(
1
m2Q
)
= mH +
κ1 − dHκ2
mH
+O(
1
m2H
). (2.18)
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III. DYNAMICS OF INCLUSIVE DECAYS
The techniques for inclusive decays of heavy hadrons in the framework of effective theory
was developed in the early years of this decade. Here we shall extend the method of ref. [6]
to the framework of new formulation of HQEFT. Let us first briefly recall the basic formulae
for the description of inclusive semileptonic decay
H(PH = mHv)→ Xc(PX) + ℓ(p) + ν¯ℓ(p′); q = p+ p′,
which is mediated by the effective Hamiltonian
Heff = 4GF√
2
Vcbb¯Γ
µcν¯ℓΓµℓ =
4GF√
2
VcbJ
µJℓµ. (3.1)
To calculate the decay rates, it is useful to introduce the hadronic tensor
W µν =
1
2mH
(2π)3
∑
Xc
δ4(PHb − q − PX) < H|Jµ†|Xc >< Xc|Jν |H >, (3.2)
which can be expanded in terms of five form factors when one averages the spin of initial
and final states
W µν = −gµνW1 + vµvνW2 − iǫµναβvαqβW3 + qµqνW4 + (qµvν + qνvµ)W5. (3.3)
For massless lepton pair, W4 and W5 will not contribute to the decay width
dΓ
dq2dEedEν
=
G2FV
2
cb
2π3
Θ(Ee − q2/4Eν){q2W1 + 1
2
(EeEν − q2)W2 + q2(Ee − Eν)W3}. (3.4)
To evaluate the form factors Wi, let us consider the time ordered product
T µν = − i
2mH
∫
d4xe−iq·x < H|T {Jµ†(x)Jν(0)}|H > (3.5)
= −gµνT1 + vµvνT2 − iǫµναβvαqβT3 + qµqνT4 + (vµqν + vνqµ)T5.
It is known that the form factors Wi are related to Ti via
Wi = −1
π
ImTi. (3.6)
Explicitly, the quark matrix element in eq.(3.5) is given by
1
2mH
< H|b¯ γ
µ(mb 6v+ 6k− 6q)γν
(mbv + k − q)2 −m2c + iǫ
1− γ5
2
b|H > . (3.7)
Here mbv + k − q = Pc is the momentum of charm quark.
Within the framework of new formulation of HQEFT, as we have discussed above, the
residual momentum of the bottom quark in the hadron is given by v · k ∼ Λ¯. For ensuring
the leading term to have the largest contribution, we may expand eq.(3.7) in terms of the
small subtracted momentum
k − v < v · k > .
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Here
< v · k >≡< H|b¯e−imb/vv·xiv ·Deimb/vv·xb|H > /2mH = Λ¯.
To evaluate the matrix element eq.(3.7), we need to know the following relevant matrix
elements
1
2mH
< H|b¯b|H >= 1, (3.8a)
1
2mH
< H|b¯e−imb/vv·x 1
2
(iDκ⊥iD
τ
⊥ + iD
τ
⊥iD
κ
⊥)e
imb/vv·xb|H >= A(gκτ − vκvτ ), (3.8b)
1
12mH
< H|b¯gσµνGµνb|H >= Nb. (3.8c)
Up to the leading order in 1/mb, we have, from eqs.(2.13) and (2.14), the following results
for A and Nb
A =
κ1
3
, (3.9a)
Nb =
dHκ2
3
. (3.9b)
The matrix element concerning one gluon in eq.(3.5) has the form
< H|b¯g
2
Gαβǫαβκσ
(mbv + k − q)κ
2mH
gµσγν + gνσγµ − gµνγσ + iǫµσντ
[(mbv + k − q)2 −m2c + iǫ]2
Γτb|H > . (3.10)
Expanding eqs.(3.7) and (3.10), one can extract the form factors Ti. Using the relation
eq.(3.6), one then obtains Wi. Here we shall only list the final results for Wi
W1 =
1
2
(mˆb − Ee −Eν)δ(z) + {1
2
(3A+Nb)(mˆb − Ee − Eν)}δ′(z)
+A(mˆb − Ee − Eν){q2 − (Ee + Eν)2}δ′′(z), (3.11a)
W2 = mˆbδ(z) + {mˆb(3A−Nb) + 2A(Ee + Eν)}δ′(z)
+2mˆbA{q2 − (Ee + Eν)2}δ′′(z), (3.11b)
W3 =
1
2
δ(z)− {1
2
(5A+Nb)}δ′(z) + A{q2 − (Ee + Eν)2}δ′′(z), (3.11c)
with z = (mˆbv − q)2 −m2c = mˆ2b + q2 − 2mˆbEe − 2mˆbEν −m2c .
Substituting eq.(3.11) into eq.(3.4) and integrating out the variables Eν and q
2, one yields
the inclusive lepton spectrum
1
Γˆ0
dΓ
dy
= −2ρ2(3− ρ) + 4ρ
3
(1− y)3 −
6ρ2(1 + ρ)
(1− y)2 +
12ρ2
1− y + 6(1− ρ)y
2 − 4y3
+
A
mˆ2b
{−6ρ3 + 12ρ2 − 24ρ
3
(1− y)5 +
6ρ2(3 + 5ρ)
(1− y)4 −
12ρ2
(1− y)3 −
18ρ2
(1− y)2 + 6y
2}
+
Nb
mˆ2b
{−6ρ(2 + ρ)− 12ρ
2
(1− y)3 +
6ρ(2 + 3ρ)
(1− y)2 − 24ρy − 18y
2}, (3.12)
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with
Γˆ0 ≡ G
2
F mˆ
5
bV
2
cb
192π3
=
G2Fm
5
HV
2
cb
192π3
(
1 +
κ1 − dHκ2
m2H
+O(
1
m3H
)
)5
≡ Γ0
(
1 +
κ1 − dHκ2
m2H
+O(
1
m3H
)
)5
. (3.13)
Where y and ρ are rescaled variables defined as
y ≡ 2Ee/mˆb, ρ ≡ m2c/mˆ2b .
The kinetic region for y is
0 ≤ y ≤ P
2
b − P 2c
P 2b
− Eν
2v · Pb . (3.14)
Treating charm quark c as heavy quark and using v · k = Λ¯, one has
0 ≤ y ≤ 1− ρˆ, ρˆ ≡ mˆ2c/mˆ2b . (3.15)
Thus the total decay width for b→ ceν¯ is found to be
Γ
Γˆ0
= −(1− ρˆ)4 + 2(1− ρˆ)3(1− ρ)− 2ρ2(1− ρˆ)(3− ρ)
−2ρ3(1− 1
ρˆ2
+ 6ρ2(1 + ρ)(1− 1
ρˆ
)− 12ρ2 ln ρˆ
+2
A
mˆ2b ρˆ
4
(1− ρˆ)3{ρˆ4 + ρˆρ2(3− 4ρ) + 3ρˆ2ρ2(2− ρ)− 3ρ3}
− 6Nb
mˆ2b ρˆ
2
(1− ρˆ)3(ρˆ− ρ)2. (3.16)
Similarly, we find that b→ c transitions have the following general forms
1
Γˆ0
Γ(b→ cℓν) = ηcℓ(ρ, ρℓ, µ){I0(ρ, ρℓ, ρˆ) + I1(ρ, ρℓ, ρˆ) A
mˆ2b
+ I2(ρ, ρτ , ρˆ)
Nb
mˆ2b
}, (3.17a)
1
Γˆ0
Γ(b→ cud′) = 3ηcu(ρ, µ){I0(ρ, 0, ρˆ) + I1(ρ, 0, ρˆ) A
mˆ2b
+I2(ρ, 0, ρˆ)
Nb
mˆ2b
} − (c2+(µ)− c2−(µ))6(1− ρ)3κ2/mˆ2b , (3.17b)
1
Γˆ0
Γ(b→ ccs′) = 3ηcc(ρ, µ){I0(ρ, ρ, ρˆ) + I1(ρ, ρ, ρˆ) A
mˆ2b
+I2(ρ, ρ, ρˆ)
Nb
mˆ2b
} − (c2+(µ)− c2−(µ))I3(ρ, ρ, 0)6κ2/mˆ2b , (3.17c)
with s′ = dVcd+sVcs and d
′ = dVud+sVus and ρℓ ≡ m2ℓ/mˆ2b . The η functions arise from QCD
radiative corrections. The one-loop results have been calculated in refs. [18,21,22]. Here we
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will use the two-loop results in refs. [23,24] and adopt the reference value mc/mb = 0.3,
which leads to the following results
ηce = 1− 0.53αs(µ)− 1.53αs(µ)2, (3.18a)
ηcτ = 1− 0.44αs(µ)− 1.44αs(µ)2, (3.18b)
ηcu = 1 + 0.95αs(µ) +
αs(µ)
2
π2
[33.03 + 3.34 ln(mW/mb) + 4 ln(mW/mb)
2], (3.18c)
ηcc = 1− 0.21αs(µ) + αs(µ)
2
π2
[−9.99 + 7.17 ln(mW/mb) + 4 ln(mW/mb)2]. (3.18d)
The functions Ii(x, y, 0) are phase space factors at tree level. Their explicit forms are
I0(x, y, z) =
√
κ{1− z − z2 + z3 − 2 z2 x+ 2 x3 − 2 x (−1 + y)2
−6 x
2 (−1 + y)2
z
+
2 x3 (−1 + y)2
z2
− 7 y − z2 y − 7 y2 − z y2
+y3 + 4 z x (1 + y)− 6 x2 (1 + y)− 4 x
3 (1 + y)
z
}
+12x2 ln
(1 + z − y +√κ)2
4z
+ 12y2 ln
(1− z + y +√κ)2
4y
−12x2y2 ln (1− z − y +
√
κ)2
4zy
, (3.19a)
I1(x, y, z) =
2
√
κ
z4
{z6 − 3 x3 (−1 + y)4 − 2 z5 (1 + y) + z3 x2 (−9 + 2 x
−18 y + 12 x y + 39 y2) + z4 [−3 x3 + (−1 + y)2 + 3 x2 (2 + 3 y)]
+z x2 (−1 + y)2 [3 (−1 + y)2 + 2 x (1 + 6 y)]
+z2 x2 [−15 (−1 + y)2 y + x (2 + 8 y − 18 y2)]}
+72x2y2 ln
(1− z − y +√κ)2
4zy
, (3.19b)
I2(x, y, z) = −6(x− z)2[z2 + (1− y)2 − 2z(1 + y)] 32 , (3.19c)
I3(x, x, 0) =
√
1− 4x(1 + x
2
+ 3x2)− 3x(1− 2x2) ln 1 +
√
1− 4x
1−√1− 4x, (3.19d)
with κ = (1 + y − z)2 − 4y. Note that for z = x, I0 agrees with that in refs. [6,9].
Before ending this section, we would like to address the following points: Firstly, the
mass entering into the factor Γˆ0 is neither the heavy quark mass mb nor the hadron mass
mH , it is the so-called ‘dressed heavy quark’ mass mˆb = mb+Λ¯ = mHb(1+O(1/m
2
Hb
)), which
differs from the hadron mass by terms suppressed by 1/mb. Secondly, paralleling to Luke’s
theorem, there is no 1/mb order correction when the hadron mass is used. Thus the uncertain
parameters, i.e., the bottom quark mass mb and binding energy Λ¯, do not enter separately
into the expression of decay widths. Furthermore, one may notice that for the final charm
quark, both charm quark mass mc and ‘dressed charm quark’ mass mˆc have entered into the
phace space factors of the general formulation of the decay rates. Where the quark mass mc
comes from the propagator of charm quark, and the ‘dressed charm quark’ mass mˆc arises
from the momentum of charm quark inside the hadron, i.e., Pc = Pb − q = mˆbv − q = mˆcv′,
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for a parallel treatment to the bottom quark inside the hadron. These features enable us to
determine the lifetime ratios, semileptonic branching ratios and even the lifetimes of bottom
hadrons in rather accuracy.
IV. NUMERICAL RESULTS AND DISCUSSIONS
In our numerical calculations, we shall neglect the contributions from penguin diagrams
and other rare decays and incorporate the two-loop radiative corrections in refs. [23,24] to
calculate the values of observable parameters in b decays. Such an approximation causes
errors no more than 2%. Thus the total decay width for bottom hadrons are given by
ΓtH =
1
τ(H)
≃ Γ(b→ cud′) + Γ(b→ ccs′) +∑
ℓ
Γ(b→ cℓν¯) + Γ(b→ u). (4.1)
The semileptonic branching ratios are defined as
BSL(H) ≡ Br(Hb → Xceν¯) = Γ(Hb → Xceν¯)
ΓtH
,
Bτ (H) ≡ Br(Hb → Xcτ ν¯) = Γ(Hb → Xcτ ν¯)
ΓtH
.
Other two ratios concerning the charm counting
nc(H) = 1 +
Γ(Hb → Xcc¯)
ΓtH
− Γ nocharm
ΓtH
and relative leptonic contributions between the τ decay Bτ (H) and the β decay BSL(H)
R(H) ≡ Bτ (H)
BSL(H)
.
Note that the formula given above are general and can be applied to bottom hadrons by
just taking different binding energies Λ¯(H) for different bottom hadrons. We now discuss
these observable quantities in detail below.
A. Input Parameters
The basic parameters involved are mc, µ, κ1 and κ2. Using eq.(2.16) and the measured
masses of the ground state heavy mesons and heavy baryons, one can find that κ1 in the
heavy baryon system is almost the same as the one in the heavy meson system. Thus besides
the known masses [20]
mB0 = 5.2792 GeV; mB∗0 = 5.3249 GeV;
mD+ = 1.8693 GeV; mD∗+ = 2.0100 GeV; (4.2)
mΛc = 2.2849 GeV; mΛb = 5.624 GeV; mτ = 1.777 GeV,
11
there are only four parameters mc, µ, κ1 and κ2 in our calculations. Here κ1 could be
computed by QCD sum rules [26] or other phenomenological model [27]. It may also be
extracted from fitting the meson spectra. Nevertheless, all the results remain suffering from
large uncertainties. Here we shall use the most conservative range
0.3 GeV2 ≤ −κ1 ≤ 0.7 GeV2. (4.3)
For κ2, the value extracted from the known B − B∗ mass splitting is quite stable
κ2 =
1
8
(m2B∗0 −m2B0) = 0.06 GeV2, (4.4)
which is accurate up to power correction of Λ¯/2mb ∼ 5%. The mass parameter mc arising
from the propagator in eqs.(3.7) and (3.10) shall be taken as an effective pole mass. Its
value has a large range [20]
1.2 GeV ≤ mpolec ≤ 1.9 GeV.
Note that mpolec is different from the ‘heavy quark mass’ in the Lagrangian eq.(2.1) and the
‘dressed heavy quark’ mass in eq.(2.18). In the numerical calculations, we will restrict its
range to be
1.55 GeV ≤ mpolec ≤ 1.75 GeV.
B. Lifetime Ratios
It is seen that, in the framework of new formulation of HQEFT, only ‘dressed bottom
quark’ mass mˆb enters into the decay rate, but both charm quark mass mc and ‘dressed
charm quark’ mass mˆc appear in the phase space factors at tree level. So the lifetime ratio
is not merely given by the ratio [mb+Λ¯(H)]
5/[mb+Λ¯(H
′)]5. The µ, mc and κ1 dependences
of the lifetime ratios τ(B0s )/τ(B
0) and τ(Λb)/τ(B
0) are plotted in Fig. 1. It is seen that
the ratios are not sensitive to the energy scale µ. For a large range of parameters mc and
κ1, the ratios only slightly change, but for large κ1, the ratios become very sensitive to a
large charm quark mass. The ratios as functions of mc and κ1 also exhibit some minimal
points around which they change slowly. When taking 1.55 GeV ≤ mc ≤ 1.75 GeV and
−0.7 GeV2 ≤ κ1 ≤ −0.3 GeV2, we have
τ(B0s )
τ(B0)
= 0.94± 0.04, (4.5a)
τ(Λb)
τ(B0)
= 0.76± 0.06, (4.5b)
which show a good agreement with the experimental data [11].
C. Numerical Results in B0 Decays
There is a puzzle in b decays in the usual HQET that the predicted semileptonic branching
ratio is significantly greater than the experimental data. A large QCD enhancement of
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b → cc¯s was expected to suppress the value of the ratio, but it will lead to a much larger
charm counting than the world average.
The theoretical predictions for BSL and Bτ strongly depend on the energy scale µ, as
shown in Fig. 2 and Fig. 3. At µ = mb and µ = mb/2, we have
BSL =
{
11.98± 0.60%; µ = mb,
10.00± 0.53%; µ = mb/2, (4.6a)
Bτ =
{
3.23∓ 0.21%; µ = mb,
2.69∓ 0.19%; µ = mb/2. (4.6b)
Their uncertainties caused by the charm quark mass and κ1 are anti-correlated. One may
compare it with the usual HQET prediction as shown in Fig. 6a and 6b.
But their ratio R is not sensitive to the choice of the scale µ as shown in Fig. 4. As the
function of mc and κ1, it shows a minimal point around which its variations become slow.
For 1.55 GeV ≤ mc ≤ 1.75 GeV and −0.7 GeV2 ≤ κ1 ≤ −0.3 GeV2, we have
0.24 ≤ R ≤ 0.32, (4.7)
here the main uncertainties arise from the uncertainties of κ1 andmc. One may also compare
it with the usual HQET prediction as shown in Fig. 6c. For mb = 4.7 ± 0.1 GeV, a =
0.29 ± 0.03 and λ1 = −0.36 GeV2, one has 0.18 < R < 0.26. This shows one of the
differences between the framework of new formulation of HQEFT and the usual HQET. The
CLEO data for BSL and Bτ is [25]
BSL = 10.5± 0.5%, (4.8a)
Bτ = 2.6± 0.1%, (4.8b)
which leads to R = 0.25± 0.02.
In analogous to R, nc is not sensitive to µ, but it strongly depends on mc and κ1. The
uncertainty in the theoretical prediction mainly arises from that of the value mc as shown in
Fig. 5. For 1.45 GeV ≤ mc ≤ 1.80 GeV and −0.7 GeV2 ≤ κ1 ≤ −0.3 GeV2, the numerical
result for nc is
nc = 1.18± 0.06± 0.03. (4.9)
The uncertainties arising from the scale µ and ΛQCD are not more than 0.03. Note that its
mc dependence shows a minimal point around which its variation is relatively slow. One
may compare it with the usual HQET prediction as shown in Fig. 6c. For µ = mb/2− 2mb,
mb = 4.7± 0.1 GeV, a = 0.29± 0.03 and λ1 = −0.36 GeV2, one has nc = 1.22− 1.34.
From Figs. 2-5, one can see that there exists a common region for parameters µ, mc
and κ1, so that all the quantities BSL, Bτ , R and nc are consistent with experimental data.
When taking the following interesting region for the parameters
1.55 GeV ≤ mc ≤ 1.75 GeV,
2.4 GeV ≤ µ ≤ 4.4 GeV, (4.10)
−0.7 GeV2 ≤ κ1 ≤ −0.3 GeV2,
and normalizing BSL = 10.48± 0.50% and R = 0.26± 0.02, we have
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nc = 1.22∓ 0.05. (4.11)
which is consistent with the world average value. Note that a larger mc value leads to a
lower R and nc but to a larger BSL and Bτ .
In the usual HQET, up to 1/m2Q order and neglecting the ‘spectator effect’, however,
there does not exist a common region for any choice of parameters, which makes all the
quantities to be consistent with the experimental data. This can been explicitly seen from
Fig. 6., where we have plotted four quantities BSL, Bτ , R and nc as the functions of the
running energy scale µ and the mass ratio a ≡ mc/mb with mb = 4.8± 0.2 GeV (Note that
in the usual HQET, the b quark mass mb, instead of the ‘dressed heavy quark’ mass mˆb,
is the basic parameter). It is clear from Fig. 6 that there are two obstacles in the usual
HQET to obtain a consistent fit. Firstly, a lower nc value requires a larger mass ratio a
and scale µ, while a higher scale will lead semileptonic branching ratio to be larger than the
experimental bound, and a higher mass ratio will result in a lower value R.
D. Predictions for B0s and Λb Decays
We now discuss more about B0s and Λb decay. In the usual HQET, all the above observ-
able quantities in the B0, B0s and Λb decays get the same results up to 1/m
2
b order. This is
because the semileptonic decay rates of all the bottom hadrons are the same, thus the usual
HQET leads to the following predictions up to 1/m2b order
BSL(B
0
s )
BSL(B0)
=
ΓtB0
ΓtB0s
=
(
τ(B0s )
τ(B0)
)
th
≈ 1, (4.12a)
BSL(B
−)
BSL(B0)
=
ΓtB0
ΓtB−
=
(
τ(B−)
τ(B0)
)
th
≈ 1, (4.12b)
BSL(Λb)
BSL(B0)
=
ΓtB0
ΓtΛb
=
(
τ(Λb)
τ(B0)
)
th
≈ 1. (4.12c)
In the usual HQET, the lifetime ratio problems are expected to be solved through the non-
leptonic decays. If it is the case, one should have the following consequences for the ratios
of the semileptonic branching ratios
BSL(B
0
s )
BSL(B0)
=
(
τ(B0s )
τ(B0)
)
exp
= 0.94± 0.04, (4.13a)
BSL(B
−)
BSL(B0)
=
(
τ(B−)
τ(B0)
)
exp
= 1.07± 0.03, (4.13b)
BSL(Λb)
BSL(B0)
=
(
τ(Λb)
τ(B0)
)
exp
= 0.79± 0.05. (4.13c)
For the ratio R one has
R(B0) ≈ R(B−) ≈ R(B0s ) ≈ R(Λb). (4.14)
One may compare it with the current experimental data [20]
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BSL(B
0) = 10.48± 0.5%, (4.15a)
BSL(B
−) = 10.18± 0.5%, (4.15b)
B(B0s → D−ℓ+ν¯ anything) = 8.1± 2.5%, (4.15c)
B(Λb → Λcℓν¯ anything) = 9.0+3.0−2.8%. (4.15d)
In the framework of new formulation of HQEFT, as we have discussed in the previous
sections, the picture for heavy hadron containing a single heavy quark is such that the heavy
quark in the hadron is off-shell, its off-shellness is characterized by the binding energy Λ¯.
Consequently, the so-called ‘dressed heavy quark’ masses mˆb and mˆc enter into the phase
space factors. For B0s and Λb decays, the differences of the phase space factors already
appear at tree level. It is not difficult to obtain the following relations
BSL(B
0) < BSL(B
0
s ) < BSL(Λb), (4.16a)
R(B0) <∼ R(B0s ) < R(Λb), (4.16b)
nc(B
0) > nc(B
0
s ) > nc(Λb). (4.16c)
Compared eqs.(4.13) and eq.(4.14) with eq.(4.16), one may find the significant difference
between the usual HQET and the new formulation. The more and more accurate experi-
ments in the future will provide results of BSL and R to test the usual HQET and the new
formulation of HQEFT.
When normalizing BSL(B
0) to 9.98% ∼ 10.98% and R(B0) to 0.24 ∼ 0.28, we have
BSL(B
0
s ) = 10.75± 0.67%; BSL(Λb) = 11.09± 0.91%, (4.17a)
BSL(B
0
s )
BSL(B0)
= 1.02± 0.02; BSL(Λb)
BSL(B0)
= 1.06± 0.05, (4.17b)
R(B0s ) = 0.28∓ 0.02; R(Λb) = 0.32∓ 0.02, (4.17c)
nc(B
0
s ) = 1.20± 0.04; nc(Λb) = 1.18± 0.05. (4.17d)
E. |Vcb| from Inclusive Decays
One of the most important applications is the determination of the CKM matrix element
|Vcb|. From eq.(3.17a) the semileptonic decay rate is given by
Γ(b→ ceν¯) = G
2
F mˆ
5
bV
2
cb
192π3
ηce(ρ, 0, µ){I0(ρ, 0, ρˆ) + I1(ρ, 0, ρˆ) A
mˆ2b
+ I2(ρ, 0, ρˆ)
Nb
mˆ2b
+ · · ·}, (4.18)
where the ellipse denotes higher order perturbative and non-perturbative corrections. It is
explicitly seen that only the combination of Λ¯ andmb, i.e., mˆb, appears in the above equation
and there is no 1/mb corrections. At the same time, the 1/mb power corrections to the decay
width Γ(b→ ceν¯) is as small as −0.7 ∼ 5%. Thus all the parameters in eq.(4.18) have clear
physical meaning and the higher power corrections can be ignored. This allows us to extract
|Vcb| from fitting the experimental data. The value of |Vcb| as function of mc and µ is shown
in Fig. 7. It is easy to find that the value of |Vcb| has only a weak dependence on the energy
scale µ and the charm quark mass mc and κ1 cause the main uncertainties for the prediction.
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There exist maximal points around which its variation as the function of mc and κ1 becomes
slow. The values of |Vcb| around those points should be more reliable. It is interesting to
note that once one normalizes the semileptonic branching ratio to the experimental data,
|Vcb| exhibits an interesting correlation with the ratio R. Its relation is shown in Fig. 7d.
It is seen that the value of |Vcb| increases linearly as R decreases. Including two-loop QCD
corrections and fitting Br(b→ ceν¯) to the measured data, we obtain
|Vcb| = 0.0388± 0.0005exp ± 0.0012th, (4.19)
where the theoretical uncertainties arise from those of R = 0.25 ± 0.03 and κ1 = −0.5 ±
0.2 GeV2. The experimental uncertainty comes from the errors of B0 lifetime. One may
compare the above prediction for |Vcb| in the new formulation of HQEFT with the one in
the usual HQET which is plotted in Fig. 8.
V. CONCLUSIONS
We have presented, within the framework of new formulation of HQEFT, a general
formulation for the inclusive decays of bottom hadrons via the heavy quark expansion. Such
a general formulation has exhibited interesting features: The 1/mb corrections are absent
and the mass preliminarily entered into the general formulation is neither the bottom quark
mass mb nor heavy hadron mass mH , it is the so-called ‘dressed bottom quark’ mass mˆb that
is actually the heavy hadron mass in the infinite quark mass limit, i.e., mˆb = limmb→∞mHb =
mb + Λ¯ = mHb [1 + O(1/m
2
Hb
)]. Consequently, the decay rates of the bottom hadrons can
be reexpressed in terms of the bottom hadron mass with the 1/mb corrections remaining
absent. This feature is now consistent with the expectation from Luke’s theorem, since
according to that theorem the sum of all the channels of exclusive b decays is free from the
1/mb order corrections at zero recoil. Such a feature distinguishes from the one obtained
by Chay-Georgi-Grinstein theorem within the framework of the usual HQET. The reason is
that in the new formulation of HQEFT, Luke’s theorem comes out automatically without
the need of imposing the equation of motion iv · DQ(+)v = 0. As a consequence, not only
the lifetime ratio τ(Λb)/τ(B
0) but also the ratio τ(B0s )/τ(B
0) is in good agreement with the
experimental data. At the same time, the results for the inclusive semileptonic branching
ratio BSL, the ratio R and the charm counting nc are also consistent with the experimental
data. In particular, the CKM matrix element |Vcb| has been nicely extracted from the
inclusive semileptonic decay rate, and the result well agrees with the one from the exclusive
decays [1]. For mc = 1.75 GeV and κ1 = −0.4 GeV2, we have
τ(B0s )
τ(B0)
= 0.95;
τ(Λb)
τ(B0)
= 0.77, (5.1a)
BSL(B
0
s ) = 10.82%; BSL(Λb) = 11.32%, (5.1b)
R(B0) = 0.25; R(B0s ) = 0.27; R(Λb) = 0.32, (5.1c)
nc(B
0) = 1.19; nc(B
0
s ) = 1.17; nc(Λb) = 1.13, (5.1d)
|Vcb| = 0.0398. (5.1e)
If the nonspectator effects are taken into account, the charm counting will decrease further
[13]. It is expected that more precise data for the B0 decays and further test for the
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predictions on the B0s and Λb systems will provide a useful check for the framework of new
formulation of HQEFT at the level of higher order corrections.
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Table. 1. The observable parameters in B0 and B0s as well as Λb decays with µ = mb.
mc(GeV) 1.55 1.65 1.75 1.8
κ1( GeV
2) −0.5 −0.6 −0.7 −0.4 −0.5 −0.6 −0.3 −0.4 −0.5 −0.2 −0.3 −0.4
τ(B0s )
τ(B0)
0.903 0.915 0.946 0.913 0.931 0.969 0.923 0.945 0.987 0.922 0.938 0.970
τ(Λb)
τ(B0)
0.701 0.703 0.724 0.718 0.729 0.764 0.738 0.757 0.804 0.743 0.757 0.793
BSL(B
0)(%) 11.62 11.56 11.46 12.04 11.92 11.74 12.41 12.20 11.94 12.68 12.44 12.16
Bτ (B
0) 0.032 0.031 0.030 0.032 0.031 0.030 0.031 0.031 0.030 0.032 0.031 0.030
R(B0) 0.27 0.26 0.26 0.26 0.26 0.26 0.25 0.25 0.25 0.25 0.25 0.25
nc(B
0) 1.21 1.22 1.23 1.18 1.19 1.21 1.16 1.17 1.19 1.14 1.16 1.18
BSL(B
0
s )(%) 11.68 11.66 11.63 12.19 12.12 12.04 12.68 12.55 12.39 12.99 12.82 12.63
Bτ (B
0
s ) 0.034 0.033 0.032 0.034 0.033 0.032 0.034 0.033 0.032 0.035 0.034 0.032
R(B0s ) 0.29 0.28 0.27 0.28 0.27 0.27 0.27 0.26 0.26 0.27 0.26 0.26
nc(B
0
s ) 1.21 1.21 1.21 1.17 1.18 1.18 1.14 1.15 1.16 1.12 1.13 1.14
BSL(B
0
s )
BSL(B0)
1.00 1.01 1.02 1.01 1.02 1.03 1.02 1.03 1.04 1.02 1.03 1.04
BSL(Λb)(%) 11.73 11.72 11.73 12.37 12.35 12.33 13.08 13.02 12.96 13.49 13.40 13.32
Bτ (Λb) 0.039 0.038 0.037 0.040 0.039 0.038 0.041 0.040 0.039 0.042 0.041 0.040
R(Λb) 0.33 0.32 0.32 0.32 0.32 0.31 0.31 0.31 0.30 0.31 0.30 0.30
nc(Λb) 1.21 1.21 1.21 1.16 1.16 1.17 1.11 1.12 1.12 1.08 1.09 1.10
BSL(Λb)
BSL(B0)
1.01 1.01 1.02 1.03 1.04 1.05 1.05 1.07 1.09 1.06 1.08 1.10
Vcb(10
−2) 3.63 3.73 3.72 3.68 3.73 3.74 3.75 3.79 3.77 3.76 3.81 3.82
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Table. 2. The observable parameters in B0 and B0s as well as Λb decays with µ = mb/2.
mc(GeV) 1.55 1.65 1.75 1.8
κ1( GeV
2) −0.5 −0.6 −0.7 −0.4 −0.5 −0.6 −0.3 −0.4 −0.5 −0.2 −0.3 −0.4
τ(B0s )
τ(B0)
0.904 0.917 0.949 0.916 0.934 0.973 0.927 0.949 0.993 0.927 0.943 0.976
τ(Λb)
τ(B0)
0.706 0.708 0.731 0.725 0.737 0.774 0.748 0.769 0.818 0.755 0.770 0.809
BSL(B
0)(%) 9.53 9.47 9.38 9.93 9.81 9.64 10.28 10.08 9.83 10.53 10.30 10.03
Bτ (B
0) 0.026 0.026 0.025 0.027 0.026 0.025 0.026 0.026 0.025 0.027 0.026 0.025
R(B0) 0.28 0.27 0.27 0.27 0.26 0.26 0.26 0.25 0.26 0.26 0.25 0.25
nc(B
0) 1.24 1.25 1.26 1.21 1.22 1.23 1.18 1.20 1.22 1.16 1.18 1.20
BSL(B
0
s )(%) 9.60 9.58 9.55 10.08 10.01 9.93 10.55 10.41 10.26 10.84 10.68 10.49
Bτ (B
0
s ) 0.028 0.027 0.027 0.029 0.028 0.027 0.029 0.028 0.027 0.030 0.028 0.027
R(B0s ) 0.29 0.29 0.28 0.29 0.28 0.27 0.27 0.27 0.26 0.27 0.27 0.26
nc(B
0
s ) 1.24 1.24 1.24 1.20 1.20 1.21 1.16 1.17 1.19 1.14 1.15 1.17
BSL(B
0
s )
BSL(B0)
1.01 1.01 1.02 1.02 1.02 1.03 1.03 1.03 1.04 1.03 1.04 1.05
BSL(Λb)(%) 9.69 9.68 9.68 10.30 10.27 10.25 10.97 10.91 10.85 11.38 11.29 11.20
Bτ (Λb) 0.032 0.032 0.031 0.034 0.033 0.032 0.035 0.034 0.033 0.036 0.035 0.034
R(Λb) 0.34 0.33 0.32 0.33 0.32 0.32 0.32 0.31 0.30 0.31 0.31 0.30
nc(Λb) 1.23 1.24 1.24 1.19 1.19 1.19 1.13 1.14 1.14 1.10 1.11 1.12
BSL(Λb)
BSL(B0)
1.02 1.02 1.03 1.04 1.05 1.06 1.07 1.08 1.10 1.08 1.10 1.12
Vcb(10
−2) 3.86 3.97 3.96 3.92 3.97 3.97 3.99 4.03 4.01 4.00 4.05 4.06
Table .3. The observable parameters in B0 and B0s as well as Λb decays with BSL = 10.48%.
mc(GeV) 1.55 1.65 1.75 1.8
κ1( GeV
2) −0.5 −0.6 −0.7 −0.4 −0.5 −0.6 −0.3 −0.4 −0.5 −0.2 −0.3 −0.4
µ( GeV) 2.85 2.91 3.00 2.53 2.62 2.76 2.31 2.43 2.60 2.18 2.30 2.46
τ(B0s )
τ(B0)
0.904 0.916 0.947 0.915 0.933 0.971 0.927 0.949 0.991 0.927 0.942 0.975
τ(Λb)
τ(B0)
0.704 0.706 0.727 0.723 0.735 0.770 0.747 0.766 0.814 0.755 0.769 0.805
Bτ (B
0) 0.029 0.028 0.028 0.028 0.027 0.027 0.027 0.027 0.027 0.027 0.026 0.026
R(B0) 0.27 0.27 0.26 0.27 0.26 0.26 0.26 0.25 0.26 0.26 0.25 0.25
nc(B
0) 1.23 1.23 1.24 1.20 1.21 1.22 1.18 1.19 1.21 1.16 1.18 1.20
BSL(B
0
s )(%) 10.54 10.58 10.66 10.63 10.69 10.78 10.75 10.82 10.92 10.79 10.86 10.94
Bτ (B
0
s ) 0.031 0.030 0.029 0.030 0.029 0.029 0.029 0.029 0.028 0.029 0.029 0.028
R(B0s ) 0.29 0.28 0.28 0.28 0.28 0.27 0.27 0.27 0.26 0.27 0.27 0.26
nc(B
0
s ) 1.22 1.23 1.23 1.19 1.20 1.20 1.16 1.17 1.18 1.14 1.15 1.16
BSL(B
0
s )
BSL(B0)
1.01 1.01 1.02 1.01 1.02 1.03 1.03 1.03 1.04 1.03 1.04 1.04
BSL(Λb)(%) 10.62 10.67 10.77 10.85 10.94 11.09 11.18 11.32 11.51 11.33 11.47 11.65
Bτ (Λb) 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.035 0.036 0.035 0.035
R(Λb) 0.33 0.33 0.32 0.32 0.32 0.31 0.32 0.31 0.30 0.31 0.31 0.30
nc(Λb) 1.22 1.22 1.22 1.18 1.18 1.18 1.13 1.13 1.14 1.10 1.11 1.11
BSL(Λb)
BSL(B0)
1.01 1.02 1.03 1.04 1.04 1.06 1.07 1.08 1.10 1.08 1.09 1.11
Vcb(10
−2) 3.75 3.84 3.82 3.85 3.88 3.87 3.96 3.98 3.93 4.01 4.03 4.01
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FIGURES
FIG. 1. The lifetime ratios τ(Λb)/τ(B
0) and τ(B0s )/τ(B
0) as the functions of the running energy
scale µ, charm quark mass mc and κ1. (1a) and (1c) : µ = mb, (1b) and (1d) : mc = 1.65GeV.
The experimental data are τ(Λb)/τ(B
0) = 0.79 ± 0.05 and τ(B0s )/τ(B0) = 0.94 ± 0.04.
FIG. 2. The semileptonic branching ratio BSL as the function of µ,mc and κ1. (2a) : µ = mb/2,
(2b) : mc = 1.65GeV and (2c) : κ1 = −0.6 GeV2. The world average is BSL = 10.48 ± 0.50%.
FIG. 3. Bτ as the function of µ, mc and κ1. (3a) : µ = mb/2, (3b) : mc = 1.65GeV and (3c) :
κ1 = −0.6 GeV2. The CLEO data is Bτ = 2.6 ± 0.1%.
FIG. 4. R as the function of µ, mc and κ1. (4a) : µ = mb, (4b) : mc = 1.65GeV and (4c) :
κ1 = −0.6 GeV2. The CLEO data is R = 0.25 ± 0.02.
FIG. 5. The charm counting nc as the function of µ, mc and κ1. (5a) : κ1 = −0.6 GeV2, (5b)
: µ = mb and (5c) : mc = 1.65GeV, (d) : BSL = 10.48%. The world average is nc = 1.17 ± 0.04.
FIG. 6. BSL, Bτ , R and nc as functions of µ, mb and a ≡ mc/mb in the usual HQET. We have
fixed λ1 = −0.36 GeV2. (6a), (6b) and (6d) : mb = 4.8 GeV, (6c) : µ = 4.8 GeV.
FIG. 7. |Vcb| as functions of µ, mc and κ1. (7a) and (7c) : κ1 = −0.6 GeV2, (7b) : µ = mb/2,
(7d) : correlation between |Vcb| and R.
FIG. 8. |Vcb| as function of mb and a ≡ mc/mb in usual HQET. With BSL = 10.48% and
λ1 = −0.36 GeV2.
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